Division Multiple Access (TD-SCDMA) has several attractive characteristics that made it capable of meeting the requirements of G4 systems when applied as a platform directly. Joint detections, the unpaired spectrums with flexible sharing of resources, and some other advanced properties leads TD-SCDMA to achieve high data rate services. In this paper a comprehensive analysis is presented that involve 
INTRODUCTION
TD-SCDMA is a mobile telephone standard for wireless network operators of a third-generation (3G) systems that supports data transmission at various speeds reach to 7.68 Mbps. This system combines support for both circuit-switched data, such as speech or video, and also packet-switched data from the Internet. The physical construction of TD-SCDMA involves two system techniques: Time Division Multiple Access (TDMA) with synchronous-mode Code Division Multiple Access (CDMA) [1] .
Through the last years TD-SCDMA has much attention in research and industry applications. It has a variety of evolving techniques that enhance the performance efficiency and make it a suitable basis for the next generation systems (4G) and its application extended in many fields such as (providing Voice over IP (VoIP), Push to Talk over Cellular (PoC), designing of the mobile internet of things networks, and designing of Wireless Sensor Networks (WSN) gateway [2] [3] [4] [5] . The applications of TD-SCDMA are not limited to networks but also extended to involve a new area of applications such as monitoring the production condition exactly and real-timely in underground and surface of coal mine [6] . TD-SCDMA techniques created a huge spectrum of applications which motivate researchers to optimize parameters of this system and improve its performance.
One of the essential parameters that affect the performance of SCDMA and reliability on user detection is channel estimation. Several approaches are proposed to obtain accurate joint estimation of the total channel: the first method known as B. Steiner estimator is based on Least Square (LS) criterion [7] and assumed CIR is constant during one the time slot of (about 5 msec) of the SCDMA frame [8] . In the case of large noise, Steiner estimator may introduce inaccurate CIR model where some channel taps are merely noise. An improved method based on gate processing is suggested to improve the B. Steiner channel algorithm by using the power of the strongest path and noises as the basis for setting gate value [9] . In this paper, the proposed estimator is Minimum Mean Square Error (MMSE) mixed with the noise term cancellation method (enhanced least square). Joint MMSE estimator can eliminate both MAI and ISI and provides best tradeoff between bias and variance of the estimation results [10] . The new proposed estimator of CIR is fed into traditional channel equalizers: MF, ZF-BLE, and MMSE-BLE and compared against the same equalizers based on B. Steiner estimator. MUJD based on hard decision is applied after the equalizers to detect data symbols of all users simultaneously.
In this paper a comprehensive analysis is presented that involves JCE and MUJD. Two criterions Joint Channel Estimation (JCE) for traditional and enhanced estimators based on two criteria: Least square (LS) & Minimum Mean Square Error (MMSE) at two scenarios of users' movements (3 and 120 km/h) with (AWGN) channel and Rayleigh fading environments based on generated individual training vectors for each user, where enhanced (LS and MMSE) channel estimator get a better performance than traditional (LS and MMSE). In addition to a comprehensive (MUJD) techniques show that Zero Forcing Block Linear Equalizer (ZF-BLE) and Minimum Mean Square Error Block Linear Equalizer (MMSE-BLE) is developed for traditional and enhanced channel estimation criterions as mentioned above and get closed performance while the MF detector failed to keep up these detector.
The paper is organized as follows: the system model is presented in Section II. Our proposed joint channel estimation and the LS algorithm derivation are shown in Section III. In Section IV, joint multi users detection according MF, ZF-BLE and MMSE-BLE algorithms is described. Section V contains the simulation results that demonstrate the system analysis. Finally, the conclusion has section VI. Fig.1 . TD-SCDMA model
II. SYSTEM MODEL
The block diagram of the TD-SCDMA system is shown in Fig.1 . It offers the transmission of maximum of K users during one time slot. According to [8] , each slot is organized to have two data blocks of 352 chips each, a midamble of L = 144 chips, and a Guard Period (GP) of 16 chips, as shown in Fig. 2 . The total slot is oversampled and shaped using Root Raised Cosine (RRC) filter with roll-off factor (0.22). 
u and W is the channel length or memory measured in chips [14] . Define the periodic sequence,
which is obtained from u as follows:
Accordingly, the complex valued training sequence m k for user k is calculated from m as,
Suppose the transmission is done over a dispersive channel with an AWGN of n(t), then the received sample corresponding to the midamble at the i th time instant r m (i) is,
where
is the overall channel response matrix that accounts for transmitter filter, propagation channel, and receiver filter and where the first W sample is discarded as will be clarified in Section (III). Thus,
where (*) denotes the notation of convolution operation, G k is a W P u Toeplitz midamble matrix and transforms convolution into a multiplication process as defined in equation (5), G is a P P u square matrix that takes the effect of G k for K users, h is a 1 u P channel impulse vector for the K users, and n is a 1 u P noise vector.
In order to develop a system model when data are transmitted, it is convenient to take one block of data (before the midamble). The kth user transmits a modulated data sequence,
. Each modulated symbol is spread using a channelization code and a scrambling code as shown in Fig.1 and generated using Orthogonal Variable Spreading Factor (OVSF) codes. The spread symbol of each user is then multiplied by a code specific multiplier and scrambled by a cell-specific complex code having a length of 16 [14] . Define the combination of the user specific channelization code with multiplier and cell specific code as,
Assume the channel impulse response is fixed during each slot, but it can change from slot to another. Again, the received signal is an addition of users' data and noise,
is to combine the effect of channel impulse response and spreading code. If the received samples are stacked in one column vector, (10) where . denotes the norm notation and (.)
H denotes the Hermitan transpose. Since the matrix G is cyclic, the channel estimation reduces to [11] :
where the last equation reveals that the estimated channel deviated from the actual value by the amount n G 1 . The computation demand for 1 G can be facilitated using FFT as described in [12] . The MMSE optimization method provides better behavior against noise and the estimation of CIR, MMSE ĥ , is
where R h is a P P u correlation matrix of the total CIR and 2 V is the noise power. We will assume that users' channels are independent with each other and have unity gains. Thus, Eq. (12) becomes,
where I is the identity matrix. Accordingly, The obtainment of channel response for each user by the two mentioned approaches is done by stacking each W elements of LS ĥ or MMSE ĥ into a vector to get k ĥ . Generally, a few taps of the estimated CIR represent multi-paths and the rest comes from noise. Therefore, an improvement may be made by comparing channel taps against a noise threshold value [12] , such that:
is wth tap's value of the kth user, c is a constant whose value is empirical. This method is called noise terms cancellation of estimated CIR and in [9] a modification is adopted to improve the channel estimation, where in the enhanced algorithm that depends on a comparison between the value of tap of the channel impulse response with the variance of the collected if the value of channel's tap is larger than the value of noise which will depend on it; otherwise the CIR will consider it equal to zero.
IV. MULTI USER JOINT DETECTION (MUJD)
For data detection, MUJD methods had shown a superior performance than single user and other multiusers detection. Among the joint detection methods, three well known algorithms are presented in this paper, they are: MF, ZF-BLE and MMSE-BLE. For the MF, the d detection given by [15] ,
where R n is an KN KN u covariance matrix of the noise. When the noise is temporally uncorrelated,
where I is the identity matrix, and matrix A is calculated from estimated channel impulse response and spreading codes. Eq. (15) becomes:
The estimation of d according to ZF-BLE is given by [16] ,
However, ZF-BLE introduces an amplification to noise. To mitigate this drawback, MMSE-BLE is used to estimated data as described in Eq. (18) [7] ,
where R d is the KN KN u covariance matrix of d. Suppose that data symbols of different users are uncorrelated and normalized to have unity power, i.e.,
The noise variance can be estimated from Eq.(4) after the computation of channel estimation.
V. SIMULATION RESULTS
The TDD-SCDMA parameters used in our simulations are listed in table 1. Two scenarios of propagation channels are considered and their parameters are listed in table 2 according to [13] . The estimated taps of CIR of the 1st user among the 8 users, i.e., for, (k=1) along the channel length time window (W=16) is shown in figs. (3) and (4) . The advantage of our proposed estimator is that its simplicity in making data detectors adaptive to cope with fast fading Rayleigh channels using simple LMS and RLS algorithms. 
